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FOREWORD 


Thia  Internal  report  wee  prepared  by  the  Air  Force  Plight  Dynamic*  Laboratory  aa  a 
formal  record  of  the  etructural  teat  program  conducted  on  the  Vend  C!  1-47 A  helicopter. 
The  atructural  teeta  reported  were  conducted  by  ctvn  Struct  urea  Dlvialon  of  the  Air  Porce 
Flight  Dynamic*  Laboratory  at  Wrlght-Patteraon  Air  Porce  Baae,  Ohio,  with  Mr.  Robert 
„  L.  Schneider  acting  aa  project  teat  engineer.  Mr.  Thomaa  P.  Hughea,  aenior  project  teat 
engineer  of  the  Structuree  Dlvialon  and  Mr.  Stanley  Sklbo  of  the  Vend  Dlvialon  of  Boeing 
Aircraft  Company  attainted  In  the  program.  Meaara.  Earl  J.  Hanzelt  aik'  '"halmer  D. 
Cruze  were  reaponaible  for  all  Inatrumentatlon. 


Thla  la  the  final  repon  for  the  project. 
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ABSTRACT 


Raaulta  of  structural  tost*  conducted  on  the  comp  lot*  alrframo  of  rha  Vortol  CH-47A 
hollcoptor  covering  all  critical  flight,  landing,  take-off,  and  ground  handling  condition* 
are  presented  in  this  report.  Two  critical  teet  conditions  for  growth  potential  are  also 
presented. 

The  structure  of  the  Vortol  CH-47A  helicopter,  with  the  exception  of  the  litter  and  troop 
seat  installations,  was  capable  of  withstanding  the  static  ultimate  loads  generated  by  71 
different  test  conditions. 


This  technical  documentary  report  has  been  reviewed  and  approved. 


W.  A.  SLOAN.  IV. 

Colonel.  USAP 

Chief,  Structures  Division 

AF  Plight  Dynamics  Laboratory 
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INTROIX  JCTION 


The  Vertol  CH-47A  helicopter  was  subjected  to  a  complete  static  test  program  that 
covered  ull  of  the  critical  flight,  landing,  take-off,  ground  handling,  and  craeh  conditions. 

At  the  completion  of  the  test  program  two  growth  tests  were  conducted.  The  results 
of  these  tests  demonstrated  that  the  CH-47A  basic  structure  has  approximately  40  per¬ 
cent  more  Inlierent  strength  than  was  assumed  In  the  original  stress  analysis. 

Several  structural  failures  and  design  deficiencies  were  encountered  during  the  test 
program.  These  structural  deficiencies  and  the  corresponding  recommended  changes  are 
discussed  in  the  section  on  Test  Conditions,  Dates  of  Testa,  and  Test  Results.  With  these 
deficiencies  corrected,  the  CH-47A  helicopter  Is  structurally  capable  of  withstanding  the 
static  ultimate  loads  generated  by  the  conditions  outlined  In  the  Appendix. 


TEST  ARTICLE  A  Nil  LOAD  APPLICATION  METHODS 


I'he  test  article  consisted  of  a  complete  C1I-47A  airframe.  A  floating  test  set-up  was 
used  for  all  major  structural  tests.  In  this  procedure,  the  entire  airframe  is  tested  as 
one  Integral  unit,  with  the  dead  weight  of  the  structure  and  all  attached  test  fixtures 
relieved  by  lead  weights  suspended  from  pulleys  and  attached  to  the  teat  article.  This 
effectively  puts  the  structure  In  a  zero  "g"  condition.  All  test  loads  were  required  to  be 
perfectly  balanced  In  translation,  roll,  pitch,  and  yaw.  (See  Figures  1  through  .1.) 

Several  methods  were  used  In  applying  the  test  loads  to  the  fairings  and  nose  enclosure. 
Neoprene  sponge  rubier  tension  pads  and  metal -to- metal  tension  plates  bonded  to  the 
surface  with  General  Electric  RTV  silicones  were  used  for  Introducing  tension  loads  to  the 
skin  (Figure  4).  Cables  were  attached  to  each  of  these  loading  points  and  were  Intercon¬ 
nected  to  produce  particular  loading  distributions  by  means  of  aluminum  "whiffle  trees." 
I'he  tension  loading  on  the  engine  cowling  was  accomplished  by  an  arrangement  of  air 
bladders  (Figure  5).  (Madders  placed  in  a  wooden  enclosure  and  held  against  the  structure 
were  used  for  compressive  air  load  tests  (Figure  6).  In  all  other  test  conditions  not 
requiring  air  loads,  the  loads  wera  applied  by  means  of  hydraulic  rams  or  ntruts.  Major 
components  such  as  engines,  transmissions,  and  rotor  groups  were  loaded  Independent  >v 
through  direct  attachment  fittings.  Pallets  vere  used  for  frame  and  cargo  loading  In  the 
center  fuselage  section  (Figure  7).  Aluminum  tension  straps,  bonded  to  the  skin  with  RTV 
silicones,  were  used  for  introducing  losds  to  the  fuselage  frames  forward  of  the  forward 
splice  and  aft  of  the  aft  splice  (Figure  S),  Test-load  control  was  accomplished  with  Edison 
Hydraulic  Load  Malntulncrs  and  manual  hydraulic  control  units.  The  manual  units  were 
used  primarily  for  control  of  pitch,  roll,  arid  vow  In  the  floating  test  set-up.  A  valve  was 
installed  or.  the  Edison  units  to  rapidly  reduce  the  applied  loads  to  zero  In  the  event  of  a 
structural  failure  occurring  during  a  test  condition. 


Manuscript  released  Ivy  the  author  November  luM  for  publication  as  sn  R Tt)  Technical 
I Vvumentory  Report. 
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The  test  article  was  loaded  In  10  percent  Increments  up  to  67  percent  design  ultimate  •; 
load  (DUL),  then  was  loaded  In  S  percent  increments  up  to  100  percent  DUL.  Deflection 
and  strain  gage  data  were  recorded  from  20  percent  through  90  percent  DUL  In  10  percent 
increments. 


INSTRUMENTATION 


The  strain  gage  Installation  on  the  CH-47A  helicopter  was  accomplished  by  s  Joint 
effort  of  FDTT  and  Vertoi.  Approximately  400  Bud  Company  02-141  and  C12-121  gages 
(foil,  epoxy  backed  gages  which  are  temperature-compensated  for  aluminum)  were  in¬ 
stalled.  Critical  strain  gage  and  deflection  transducer  locations  were  selected  prior  to 
each  test  condition.  Strains  were  recorded  at  selected  incremental  percentages  of  DUL 
while  deflections  were  recorded  continuously  or  at  the  same  increment  as  strain.  Criti¬ 
cal  applied  loads  were  monitored  with  calibrated  load  cells  to  Insure  accurate  loading,  to 
eliminate  overloads,  and  to  determine  the  actual  percent  of  load  at  which  a  failure  oc¬ 
curred.  Noeker  Engineering  Products  Strain  Indicators  (Model  2A),  which  had  been  modi  - 
fied  so  as  to  be  compatible  with  a  Gilmore  Industries  Graphical  Recorder- Plotter  (Model 
114),  were  used  to  monitor  strains.  This  system  was  capable  of  automatically  plotting  144 
data  channels  at  a  rate  of  one  sample  per  channel  per  second.  The  total  system  accuracy 
(from  the  strain  gage  to  the  recording  instrument)  was  ±5  percent  of  full  scale,  "full 
scale"  being  the  full  scale  range  used  or  5000  micro  inches  of  strain.  Deflections  were 
monitored  by  a  system  comprised  of  Research,  Incorporated  Displacement  Transducers 
(Models  4040  and  4046),  Research,  Incorporated  Transducer  Control  Cabinet  (Model  4095), 
and  a  Research,  Incorporated  Recorder -Controller  (Model  4080).  The  total  system  ac¬ 
curacy  was  il  percent  of  full  scale. 


DESCRIPTION  OP  STRUCTURE 


The  Vertoi  CH-47A  helicopter  has  twin  rotors  arranged  In  tandem  fashion.  The  front 
rotor  is  supported  by  the  front  pylon  structure,  which  is  located  directly  above  and  aft  of 
the  fuselage  cockpit;  and  the  aft  rotor,  supported  by  the  aft  pylon,  is  located  at  the  extreme 
aft  end  of  the  fuselage.  The  helicopter  Is  equipped  with  a  fixed  quadrlcycle  type  alighting 
gear,  consisting  of  a  fixed  vertical  type  for  the  forward  gear  and  an  aft  landing  gear  having 
full  castering  capability. 

The  forward  transmission  and  rotor  group  are  suspended  by  four  fittings,  one  on  each 
side  of  a  box -type  super  structure  extending  from  the  crown  of  the  ship. 


NOTE:  A  detailed  description  of  recording  instruments,  transducer  characteristics, 

methods  of  installation,  type  of  output  information,  and  transducer  locations  on  the 
CU-47A  are  available  to  contractors  through  the  Air  Force  Flight  Dynamics 
laboratory,  FDTT. 
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The  primary  structure  of  the  fuselage  Is  a  aeml-monocoque  construction  with  sup¬ 
plementary  structural  members  provided  in  the  vicinity  of  open  sections  and  at  those 
locations  where  large  concentrated  loads  are  introduced.  The  aeml-monocoque  structure 
consists  primarily  of  the  following:  (i)  longitudinal  members  to  provide  bending  restraint 
in  the  fuselage;  (2)  metal  skin  to  carry  the  fuselage  shear  and  torsion;  and  (3)  transverse 
frames  and  bulkheads  to  provide  stiffness  in  the  skin  structure  and  to  maintain  the  fueelsge 
cross  section  during  flexure. 

The  fuselage  skins  consist  of  2024  aluminum  alloy  alclad  sheet  for  the  top  and  side  sklne, 
while  7075  aluminum  alloy  alclad  sheet  is  used  on  the  bottom  portion. 

The  aft  pylon  consists  of  an  upper  and  lower  section.  The  primary  structure  in  the 
upper  portion  is  a  closed  box  form,  bounded  on  top  by  the  thrust  deck,  on  the  bottom  by 
the  torque  deck  (WL  72),  at  the  ends  by  bulkheads  at  Station  482  and  594,  and  along  the 
sides  by  the  skins.  The  primary  structure  below  WL  72  consists  of  two  open  end  frames 
(Stations  440  and  482)  and  the  crown  and  side  skins. 


TEST  CONDITIONS,  DATES  OF  TESTS,  AND  TEST  RESULTS 


During  81  tests  run,  the  CH-47A  was  subjected  to  71  different  test  conditions.  These 
test  conditions  are  explained  In  Tables  1  through  6  (Appendix)  and  include  conditions  for 
flight,  landing,  air  load,  flight  controls,  components,  and  ground  handling.  In  the  listing 
which  follows,  some  test  numbers  are  preceded  by  an  asterisk.  Explanations  of  tests  so 
marked  follow  the  listing.  _  _ 


Tests 

CH-47A  Test  Condition 

Test  Date 

Ultimate 

Load  Supported  (%) 

1 

Flight  control  system  cond.  No.  7 

7  June  1962 

100 

2 

Flight  control  system  cond.  No.  8 

7  June  1962 

100 

3 

Flight  control  system  cond.  No.  1 

8  June  1962 

100 

4 

Flight  control  system  cond.  No.  2 

8  June  1962 

100 

5 

Flight  control  system  cond.  No.  3 

3  June  1962 

100 

6 

Flight  control  system  cond.  No.  4 

11  June  1962 

100 

*w 

/ 

Flight  control  system  cond.  No.  5 

11  June  1962 

100 

8 

Flight  control  system  cond.  No.  6 

12  June  1962 

100 

9  , 

Flight  control  system  cond.  No.  9 

18  June  1962 

100 

•10 

F light  control  system  cond.  No.  11 

20  June  1962 

94 

11 

Flight  control  system  cond.  No.  10 

20  June  1962 

100 
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Testa 

CTI-47A  Test  Condition 

Test  Date 

12 

Flight  control  system  cond.  No.  12 

21  June  1962 

100 

•!3 

Flight  control  system  cond.  No.  11 

28  June  1962 

85 

14 

Escape  panel  airload  test 

6  July  1962 

100 

15 

Flight  control  system  cond.  No.  14 

20  July  1962 

100 

16 

Flight  control  system  cond.  No.  15 

23  July  1962 

100 

17 

Flight  control  system  cond.  No.  13 

23  July  1962 

100 

18 

Load -defect  ion  test  No.  1 

11  September  1962 

N/A 

!  ,g 

Cockpit  enclosure  unsymmetrlcal 
flight  cond. 

28  September  1962 

100 

20 

Cockpit  enclosure  symmetrical 
flight  cond. 

4  October  1962 

100 

21 

Main  cabin  door  air  load  test 

1 1  October  1962 

100 

22 

Leading  edge  fairing  of  aft  pylon 

18  October  1962 

100 

1  23 

Forward  pylon  hiring 

30  October  1962 

100 

|  24 

! 

3B  MACG  33000  pounds  gross 
weight 

4  February  1963 

100 

25 

3B  MACG  27100  pounds  gross 

V 

i 

( 

weight 

13  February  1963 

100 

i 

26 

6B  MACG  2710G  pounds  gross 
weight 

l  March  1963 

100 

27 

71)  MCG  33000  pounds  gross 
weight 

5  March  1963 

100 

28 

2B  MFCG  33000  pounds  gross 
weight 

11  March  1963 

100 

1  W 

2B  MFCG  27100  pounds  gross 
weight 

12  March  1963 

100 

•30 

External  cargo  tow  hook 

3  April  1963 

67 

- 

31 

Externa!  cargo  hook 

16  April  1963 

too 
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Testa 

CH-47A  Teat  Condition 

Test  Date 

Ultimate 

Load  Supported  (%) 

32 

Main  landing  gear  cond.  VC 
(50-50  dlatrlhutlon) 

30  April  1963 

100  j 

33 

Main  landing  gear  cond.  VC 
(60-0  distribution) 

1  May  1963 

1 

100  l 

j 

•34 

Main  landing  gear  cond.  VI) 

3  May  1963 

97  j 

35 

Knglne  cowling  airload  teat 

3  May  1963 

100 

36 

Aft  gear  towing  condition 

8  May  1963 

100  ■ 

37 

Forward  gear  landing  cond.  IVD 
(60-0  distribution) 

17  May  1963 

* 

t 

100  1 

jt 

38 

Forward  gear  landing  cond.  IVD 
(50-50  distribution) 

20  May  1963 

* 

100  j 

:» 

Forward  gear  towing  condition 

23  May  1963 

100  j 

40 

Kxternal  cargo  hook 
(track  beam  assembly) 

28  May  1963 

100  1 

t 

41 

Rescue  hoist 

3  June  1963 

too  | 

i 

j  M2 

Hoisting  condition 

5  June  1963 

92  *  I 

!  « 

1 

FWD  transmission  and  rotor 
group  8G  down  crash  cond. 

11  June  1963 

100 

44 

Troop  commander  seat  side  load 

13  June  1963 

100 

45 

Crew  scats  -  8G  down  crash  cond. 

14  June  1963 

100 

46 

Troop  commander  seat  (back  load) 

14  June  1963 

100 

47 

Crew  scats  -  8G  side  crash  cond. 

17  June  1963 

99 

48 

Troop  commanders  seat  max. 
down  load 

17  June  1963 

100 

4l* 

Troop  commanders  scat  lap  belt 
load 

24  June  1963 

125 

H) 

5 

j  Troop  scat  lap  belt  load 

24  June  1963 

135 

51 

One  man  seat  lap  belt  load 

25  June  1963 

100 

k .  . 

i 

_ .  ,  _ ^ 

.  < 
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Testa 

CH-47A  Teat  Condition 

Test  Date 

Ultimate 

Load  Supported  (%) 

52 

5000  pound  cargo  tie-down  a  up- 
port  a  Test  No.  1 

26  June  1963 

100 

53 

5000  pound  cargo  tie-down  sup¬ 
ports  Teat  No.  2 

26  June  1963 

100 

54 

10000  pound  cargo  tie-down  sup¬ 
ports  Test  No.  1 

26  June  1963 

100 

55 

10000  pound  cargo  tie-down  sup¬ 
ports' Teat  No.  2 

26  June  1963 

100 

56 

Litter  4.5G  down  crash  cond. 

1  July  1963 

100 

57 

Litter  1.5G  sloe  crash  cond. 

2  July  1963 

100 

58 

Cargo  ramp  and  support  struc¬ 
ture 

2  July  1963 

100 

•59 

Litter  8G  forward  crash  cond. 

2  July  1963 

62 

60 

Cargo  handling 

8  July  1963 

100 

61 

Engine  8G  Fwd  crash  condition 

12  July  1963 

100 

62 

Engine  8G  down  crash  cond. 

12  July  1963 

100 

63 

Engine  9G  side  crash  condition 

15  July  1963 

100 

64 

Main  combining  transmission 

8G  Fwd  crash 

15  July  1963 

100 

65 

Ms  in  combining  transmission 

8G  down  crash 

15  July  1963 

100 

66 

Main  combining  transmission 

8G  side  crash 

16  July  1963 

100 

•67 

Hoisting  condition 

17  July  1963 

100 

68 

Aft  transmission  and  rotor  group 
8G  down  crash 

18  July  1963 

100 

69 

Aft  transmission  and  rotor  group 
8G  Fwd  crash 

22  July  1963 

100 

70 

Fwd  transmission  and  rotor 
group  8G  Fwd  crash 

23  July  1963 

100 
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Tests 

CH-47A  Test  Condition 

Test  Date 

Ultimate 

Load  Supported  (%)  j 

•71 

Flight  control  system  cond.  11 

26  July  1963 

100  j 

•72 

Crew  seats-8G  Fwd  crash  cond. 

26  July  1963 

80  j 

•73 

Crew  seats-SG  Fwd  crash  ennd. 

29  July  1963 

125  | 

i 

•74 

2B  MFCG  33000  pounds  gross 
weight 

6  August  1963 

1 

140  j 

•75 

3B  MACG  33000  pounds  gross 
weight 

12  August  1963 

140 

•76 

Litter  8C  Fwd  crash  cond. 

14  August  1963 

72 

•77 

External  cargo  tow  hook 

20  August  1963 

100 

78 

Max.  floor  load 

23  August  1963 

100 

•79 

Troop  seat  8G  side  load 

26  August  1963 

80 

•80 

Troop  seat  8G  down  load 

27  August  1963 

90 

•81 

Landing  cond.  VC  (new  shear 
web  Installed) 

27  September  1963 

! 

127 

Te««  10,  13  ,  and  71 

During  the  teat  of  flight  control  ayatem  condition  No.  11,  a  failure  occurred  at  94  per- 
-  cent  DL7L.  The  1140013-8  puah-pul!  rod  failed  in  compression.  The  booat  prcaaure  at 
the  time  of  failure  waa  1500  pel.  A  aimilar  rod  waa  tested  with  a  boost  prcaaure  of  2250 
psi.  The  rod  failed  in  compreoalon  at  85  percent  DUL.  A  new  rod  was  designed  with  a 
greater  wall  thickness  and  retested.  The  ayatem  satisfactorily  supported  100  percent  DUL 
with  the  new  rod  (1140013-33).  (Figures  11  and  12.) 

Tests  30  and  77 


During  the  teat  of  the  external  cargo  hook,  several  strain  gage  readings  were  above 
the  allowable  indicated  by  Vertol  at  67  percent  DUL.  Further  analysis  Indicated  that  the 
original  allowable  strain  was  too  low,  therefore  the  external  cargo  hook  was  retested  and 
satisfactorily  supported  100  percent  DUL  without  failure. 

Pest  34 


The  aft  landing  gear  shear  box  failed  at  97  percent  [XJL  In  condition  VR  (Figures  13 
and  14).  This  was  the  third  major  test  on  this  gear  and  there  were  shear  wrinkles  prior 
to  this  test.  The  structure  is  considered  satisfactory  in  view  of  damage  incurred  during 
the  previous  tests. 
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Testa  42  and  67 

During  the  hoisting  condition,  a  failure  occurred  in  the  aft  crown  beam  installation  at 
92  percent  DUL  (Figures  15  and  16).  The  main  web  of  the  aft  crown  beam  Installation 
(Part  No.  i I4-S -3351)  waa  strengthened  and  the  condition  was  retested  to  100  percent  DUl.. 

Teats  59  and  76 

During  the  litter  8G  forward  crash  condition,  a  failure  occurred  in  the  litter  stanchion 
at  62  percent  DDL  (Figure  17).  During  reteat,  with  the  lower  plate  of  the  stanchion  increased 
in  thickness,  a  failure  occurred  In  the  litter  strap  floor  attachment  fitting  at  72  percent 
DUL  (Figures  18  and  19).  Further  teats  are  necessary  to  prove  the  litter  installation  satis¬ 
factory. 

Testa  72  and  73 

At  80  percent  DUL,  a  failure  occurred  in  the  sliding  leg  of  the  crew  seat  during  the  8G 
Fwd  ciash  condition  (Figure  20).  This  failure  was  due  to  the  position  of  the  seat.  In  that 
it  allows  only  partial  contact  of  the  shoulder  of  the  seat  leg  with  the  seat  track  flanges 
when  the  seat  is  in  the  most  forward  position  (Figure  21).  The  seat  was  placed  one  Inch 
aft  of  its  most  forward  position  and  satisfactorily  retested  to  125  percent  DUL.  It  was 
recommended  that  the  seat  adjustment  be  relocated  to  prevent  the  seat  from  being  placed 
in  the  present  extreme  forward  position. 

Test  74 

Condition  2H  MFCG  33000  pounds  gross  weight  was  tested  to  140  percent  DUL  for  a  growth 
potential  indication.  This  condition  is  critical  for  the  forward  pylon  and  splice,  as  Indicated 
in  the  Appendix.  The  structure  supported  140  percent  DUL  after  the  forward  transmission 
support  structure  (Fart  No.  U4S1IU5-I93)  waa  restrained  from  buckling  at  125  percent 
DUL.  Only  minor  damage  was  noted  (Figure  22). 

Test  75 

Condition  311  MACG  33000  pounds  gross  weight  was  tested  for  growth  potential.  This 
condition  is  critical  for  the  aft  pylon,  as  Indicated  in  the  Appendix.  The  following  failures 
occurred  at  140  percent  DUl.: 

(a)  Failure  of  frames  555,  575.5,  and  594  (Figure  23); 

(b)  Failure  of  longeron  U4S3356-17  (Figure  24); 

(c)  Skin  tear  and  permanent  buckle  at  F.S.  594  (Figures  25  and  26); 

(d)  Failure  of  frame  534  (Figures  27  and  28); 

(e)  Failure  of  ramp  fairing  oft  of  F.S.  482  (Figure  29). 

Tests  79  ami  80 

During  the  troop  seat  8G  side  load,  d  failure  occurred  in  the  leg  strap  of  the  seat  at  80 
percent  (XJL.  The  hack  panel  of  the  troop  seat  was  against  the  fuselage  at  40  percent. 

The  seat  hack  straps  failed  at  90  percent  DUl.  during  the  troop  seat  8G  down  crash 
condition.  The  troop  seat  back-up  structure  could  not  be  tested  to  the  8G  load  conditions 
because  the  existing  troop  seats  are  designed  to  a  lower  "0"  limit  than  the  hack-up 
structure.  In  testing  the  back-up  structure,  a  troop  scat  must  he  used  so  as  to  distribute 
8 
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the  load  correctly  throughout  the  back-up  atructure. 
Teat  81 


The  aft  landing  gear  condition  Vc  waa  retested  with  a  new  shear  web  installed.  The  drag 
link  on  the  main  gear  forging  (Part  No.  114L  2029-1)  failed  at  127  percent  IXJI.  (Plgure* 
30.  31.  and  32).  The  new  web  installation  was  pemanencly  wrinkled  (Plgure  33). 


CONCLUSIONS  AND  RECOMMENDATIONS 


Baaed  on  the  results  and  observations  obtained  from  the  CH-47A  Static  Test  Program, 
the  following  conclusions  and  recommendations  are  presented. 

1.  As  a  result  of  static  teat  failures  or  deficiencies  encountered  during  the  tent 
program,  POTT  recommends  that  the  changes  Indies  tod  in  Tests  10,  42,  59,  and  72 
(preceding  section)  be  Incorporated  on  alt  Cli -47  A  service  helicopters. 

2.  In  the  event  that  a  troop  seat  Is  designed  to  take  a  greater  load  than  the  existing 
troop  seat,  it  Is  recommended  that  the  back-up  structure  be  tested  to  DUI.  with  this  seat 
(reference  Test  79.  precoding  section). 

3.  The  results  of  the  growth  testing  indicate  that  the  basic  fuselage  structure 

of  the  C1I-47A  has  approximately  40  percent  more  inherent  strength  than  was  assumed  In 
the  original  design  stress  analysis.  However,  the  forward  transmission  support  atructure 
required  additional  stiffening.  The  reader  should  note  that  the  landing  gear  and  other  com¬ 
ponents  have  not  been  tested  for  overloads. 

4.  In  general,  the  measured  stresses  recorded  during  the  testa  were  less  than  those 
predicted  by  stress  analysis. 

5.  With  the  Incorporation  of  all  the  structural  changes  recommended  in  this  report, 
the  CM-47A  Helicopters  are  capable  of  supporting  the  static  ultimate  loads  for  all  of  the 
conditions  listed  In  the  Appendix. 

6.  Prom  test  data  and  observations,  the  areas  with  the  lowest  margins  of  safety, 
although  they  supported  100  percent  IXJL,  arc:  (a)  The  upper  forward  comer  of  the  main 
cabin  ikx>r;  (b)  and  the  aft  landing  gear  back-up  structure. 
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tabu:  2 

CM *47 A  LANDING  CONDITIONS  TI’STLI) 


Test  Condition* 

Gross  Wt. 
(Lbs) 

C.G. 

Critical  Areas 

Condition  VC  aide  ob¬ 
struction  50-JS0  distri¬ 
bution 

27,100 

MACG 

Aft  gear  and  back-up  struc¬ 
ture  (shear  box) 

Condition  VC  side  ob¬ 
struction  flat  tire  con¬ 
dition  60-0  distribu¬ 
tion 

27,100 

MACG 

Aft  gear  axle 

Condition  VB  aft  ob¬ 
struction 

27,100 

MACG 

Aft  gear  and  back-up  struc¬ 
ture  (shear  box) 

Condition  IVD  side 
obstruction  50-50 
distribution 

27,100 

MPCG 

Pwd  gear  and  back-up  struc¬ 
ture 

Condition  IVD  side 
obstruction  flat  tire 
condition  60-0  dis¬ 
tribution 

27.100 

MPCG 

Pwd  gear  axle 

TABLIi  3 

AIR  LOAD  CONDITIONS  TESTER 


Velocity 

Yaw 

of  Attack 

I'cst  Condition 

IKnots) 

(l^egrecs) 

(Degrees) 

Critical  Area 

Cockpit  enclosure --sym¬ 
metrical  flight  condition 

1113 

0 

-1.7 

Cockpit  enclosure 

Cockpit  enclosurc--un- 
symmctric.il  flight  con- 

13d 

1' 

-1.7 

Cockpit  enclosure 

tilt  Ion 

| 

Forward  pylon  fairing 

145 

20 

-1.7 

Work  platform  II  4N1»*0| 

Leading  edge  fairing 
of  aft  pylon 

1 50 

15 

1 

-2.5 

1  eadlng  edge  door* 

Lscupc  panel 

m 

5 

•1.7 

Panel  moulding 

Main  cabin  door 

IM 

5 

l 

-1.7 

IVior  moulding  and  aont  ■ 
ments 

Engine  cowling 

1M 

j  " 

0 

1  . — 

l.nglne  tnspoi  thm  .hr.r 
_ : — . — 

TAIU.Ii  4 

FLIGHT  CONTROLS  TFST  CONDITIONS 


Tout 

Condition 

System 

liffort 

Load  Application  * 
Point  ' 

Control 

Position 

Ultimate  1  .Had 
tl.hs) 

1 

' 

Longi¬ 

tudinal 

Single  pilot 

-  4 

Pilot’s  hand  grip 

Fwd 

too 

2 

Longi¬ 

tudinal 

Single  pilot 

Pilot’s  hand  grip 

Aft 

too 

' 

lateral 

Single  pilot 

Pilot's  hand  grip 

Left 

ISO 

4 

Lateral 

Single  pilot 

Pilot’s  hand  grip 

Right 

ISO 

5 

Collec¬ 

tive 

Single  pilot 

Pilot's  hand  grip 

! 

Down 

22S 

ft 

Col  lee  - 
[live 

Single  pilot 

Pilot’s  hand  grip 

Up 

22S 

•» 

t 

Dlrec- 
i  iona  1 

Single  pilot 

Pilot’s  right  pedal 

I 

Right 
pedal  aft 

4VI 

i 

j 

I 

8 

Direc¬ 

tional 

Single  pilot 

Pilot’s  left  pedal 

Left 

pedal  aft 

4  SO 

J 

j 

0 

Longl* 

tudlnal 

Dua?  plkx 
plus  boost 

Sticks 

Fwd 

j  22S 

1  each 

;  in 

i 

i 

Lateral 

1 

Dual  pilot 
plus  boom 

Sticks 

Left 

II2.S 

I  each 

i 

|  ii 

Collec¬ 

tive 

i 

;  Dual  pilot 
pluo  boom 

Sticks 

Up 

IftU 

each 

!  ,2 

i 

Dlrec- 

tlonul 

t 

Dual  pilot 
i  plus  boom 

Right  pedals 

Right 
pedals  aft 

W.S" 

each 

\  ii 

Rotor 
ami  fit. 
com  rols 

!  N/A 

Fwd  rot  or  head 

Aft  rotor  head 

tioo 

lino 

i 

!  14 

i 

I 

Rotor 
and  fit. 
corn  rola 

N  A 

Fwd  rotorhead 

Aft  ns  or  head 

i'MO 

7Uft 

r  iv 

i 

1 

Rotor 
ami  fit. 
c«mtrola 

N/A 

Fwd  rotorhead 

Aft  rotorhead 

0 

mn 

~ . S 
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tabu,  s 

CONM’ONl-NT  TIvST  CONDITIONS 

Test  Condition  j 

Ultimate  Ixxad 
(Gb«) 

linglnc  8G  Fwd  crash  conditio  [ 

6656  per  engine 

l.nglne  8G  down  crash  condition  | 

■  i 

6656  per  engine 

■  i 

Fnglnc  SC  side  crash  condition  i 

6656  per  engine 

Forward  transmission  and  rotor  group  8G  down  crash 
condition  I 

22159 

>  i 

I  Forward  transmission  and  rotor  group  80  Fwd  crash  ; 

i  condition 

22159 

j  f 

s  Main  combining  transmission  8G  side  crash  condition  i 

'  i 

2574 

J  • 

’  Main  combining  transmission  8G  down  crash  condition 

1  i 

2574 

i  f 

1.  Main  combining  transmission  8G  Fwd  crash  condition 

2574 

•  J 

Aft  rotor  group  and  transmission  8G  down  crash 
condition 

25106 

Aft  rotor  group  and  transmission  8G  Fwd  crash 
condition 

25106 

Crew  seat  80  Fwd  crush  condition 

1920 

Crew  seat  80  side  crash  condition 

1920 

Crew  seat  80  down  crash  condition 

1920 

Troop  seat  supporting  structure  (Jap  belt  load) 

2050  per  seat 

Troop  seat  80  side  load 

2080  per  scat 

j  Troop  scat  80  down  load 

2080  per  seat 

One  man  seat  lap  belt  load 

2050 

I'roop  commander  scat  (maximum  down  load) 

2000 

[  I'roop  commander  sear  side  load 

225 

s  T  roop  commander  scat  (hack  load) 

600 

i  Troop  commander  scar  lap  belt  Itxid 

1  i 

1500 

16 
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l  AIH.i;  5  (OONT'P) 


Test  Condition 

l.ltter  installation  supports  1.5G  aide  load  5 

Utter  Installation  supports  4. 5G  down  load 

Utter  installation  supports  8G  Fwd  load 

Rescue  hoist 

Cargo  handling 

external  cargo  hook  (back-up  structure) 

I 

A 

Lxternal  cargo  hook  (track  bean  assembly) 

External  tow  hook 
|  Cargo  ramp 
Moisting  condition 

>  Cargo  tic-down  supports  (10,000  pound  fitting) 

|  Cargo  tie-down  supports  (10.000  pound  fitting) 
j  Cargo  tie-down  supports  (5000  pound  fitting) 

I  Cargo  tie-down  supports  (5000  pound  fitting) 

i 

J  Max.  floor  loading  300  pound  per  square  foot 


Ultimate  Load 
(Lbs) 

375  per  Utter 
1125  per  litter 
2000  per  litter 
1800 
4.300 
48,000 
48 /XX) 

69,212 

\ 

9000 

j 

60,000 

10,000  (45  deg.  a  ft)  | 

I 

10,000  (3  deg.  aft)  » 
5000  (45  deg.  art)  , 


5000  (3  deg.  art) 

2100  rap  I 

i 

J 


I A DLL  6 

GROUND  HANDLING  CONDITIONS  TLSTliD 


f 

Test  Condition 

Tow  Load 

|  T 

,  Vertical  Load 

(Lbs  ULT) 

ri  bs  n  n 

Forward  Gear  Towing  Condition 

10,422 

19,725 

Aft  Gear  Rowing  Condition 

8.3)4 

9, MR 

r 


Figure  1.  Structure  Dead  Weight  Relief  System 


Figure  2.  Basic  Test  Set-Up 


Basic  Test  Sei-bp 
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igure 
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Figure  5.  Typical  Air  Bladders*  Used  for  Loading 
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Figure  6.  Typical  Structure  Used  for  Containing  the  Loading  Bladders 


2* 


Figure  7.  Pallets  Used  for  Floor  Loading 
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Figure  8.  Typical  Loading  Straps  Bonded  by  RTV  Silicone  Adhesives 


•>6 


Figure  9  CH -47A  Structural  Schema ti 


Figure  11.  Failure  of  114C1013-8  Link  Assembly  at  85  percent  DUL 
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Figure  12.  CH-47A  U4C1013-8  Link  Assemblv--Failure  at  94  percent  Dul 


Figure  13.  Condition  VB  Aft  Obstruction— Shear  Failure  in  Outboard  Shear 
Panel  of  Right  Aft  Gear  Shear  Box 


Figure  1  5.  Condition  VB  Failure  in  Outboard  Shear  Panel  of  Right  Aft  Gear 


•  • 
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Figure  15.  Buckling  of  Pan  No.  114S3351  at  Frame  440  BL-20 


Figure  17.  Failure  of  Litter  Stanchion 


Figure  19.  Failure  of  FIX^  4145 
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Figure  21.  Position  of  Crew  Seat  Legs  in  the  Most  Forward  Position 


Figure  22.  Condition  213  140  percent  (Run  No.  2)  Forward  Fuselage  Section  at 
140  percent 


Figure  2.5.  Condition  3B  1-JO  percent  DUL- -Failure  of  Frames  555,575.5  and  594 
and  Rivet  Scar  in  Beaded  Web  Which  Attaches  to  Longeron  114S3356-17 
(View  Looking  Up) 


Figure  24.  Condition  3B  140  percent  FUL--Failure  of  Beaded  Web  Which  Attaches 
to  Longeron  114S3356-17  (View  LooVing  Aft) 


Station  594  (View  Looking  inboard) 


re  26.  Condition  3B  1-JO  percent  l)UL--Failure  of  Frame  594  (View  Looking  Up) 


l-.jiuro-*-.  Condition  513  MO  percent  OUL— Failure  of  Frame  534  (View  Looking  Forward) 
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Figure  28.  Condition  3B  140  percent  DUL--Faiiure  of  Frame  534  (View  Looking  Aft) 
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Figure  29.  Condition  3B  140  percent  DUL — Failure  of  Ramp  Fairing  Aft  of  FS  482 
(View  Looking  Forward) 


Figure  50.  Condition  VC--Failure  of  Aft  Gear  at  127  percent  DUL 


Figure  31.  Condition  VC— Failure  of  Drag  Link  1J4L2029-1  at  127  percent  DUL 


